Samples from a colluvial soil rich in pyrogenic material (Black C, BC) in NW Spain 21
were subjected to K 2 Cr 2 O 7 and KMnO 4 oxidation and the residual soil organic matter 22 (SOM) was NaOH-extracted and analyzed using analytical pyrolysis-gas 23 chromatography-mass spectroscopy (Py-GC/MS) and solid-state 13 C cross 24 polarization-magic angle spinning-nuclear magnetic resonance (
C CP MAS-NMR) in 25
order to study the susceptibility of different SOM fractions (fresh, degraded/microbial, 26 BC and aliphatic) towards these oxidizing agents. NaOH extracts of untreated samples 27 were also analyzed. Py-GC/MS and 13 C NMR indicated that KMnO 4 promotes the 28 oxidation of carbohydrate products, mostly from degraded/microbial SOM and 29 lignocellulose, causing a relative enrichment of aliphatic and aromatic structures. 30
Residual SOM after K 2 Cr 2 O 7 oxidation contained BC, N-containing BC and aliphatic 31 structures. This was corroborated by a relatively intense resonance of aromatic C and 32 some signal of alkyl C in 13 C NMR spectra. These results confirm that dichromate 33 oxidation residues contain a non-pyrogenic fraction mainly consisting of aliphatic 34 structures. 35 1967). Radiocarbon dating showed that the soil gradually accumulated through 120 colluviation during the last ca. 13,000 yr (Kaal et al. 2011 ). Soil PRD-4 has a deep 121 black color owing to a combination of high SOM content and abundance of BC ( Table  122 1). For the present study, three samples were selected from this soil, corresponding to 123 three periods with radically different ecosystems and hypothetically also different SOM 124 compositions: S1 (5-10 cm depth) corresponds to recent material (<150 y BP), 125 evidenced by 14 C dating and the presence of pollen of exotic species Eucalyptus sp. 126 (López-Merino et al. 2012) ( Table 1 ). This soil layer contains considerable amounts of 127 "fresh" (non-or slightly degraded) SOM and root fragments, as described by Kaal extract decanted, after which the sediment was washed with distilled water until the 185 supernatant was colorless. The MN in the residue was isolated and purified using 200 186 ml of 1 M NaOH for 24 h under N 2 atmosphere, analogous to the extraction of CR 187 described above. 188 189
Py-GC/MS 190
Platinum filament Py-GC-MS was performed with a Pyroprobe 5000 (CDS 191 Analytical Inc., Oxford, USA) coupled to a 6890 GC and 5975 MS (Agilent 192 Technologies, Palo Alto, USA). The non-oxidized (NO) and oxidation-resistant SOM 193 fractions (MN and CR) were pyrolyzed at 750 °C for 10 s (heating rate 10 °C/ms). 194
Analyses of sample S2 of the CR series was repeated, first at 400 ºC and then at 750 ºC, 195 to distinguish between evaporation and pyrolysis products from volatile and 196 macromolecular components, respectively. The pyrolysis interface was set at 300 ºC 197 and the GC inlet at 325 °C. The oven of the GC was heated from 50 to 325 °C at 10 198 °C/min and held isothermal for 5 min. The GC/MS transfer line was held at 325 °C, the 199 ion source (in electron impact mode, 70 eV) at 230 °C and the quadrupole detector at 200 150 °C, measuring fragments in the m/z 50-500 range. The GC was equipped with a 201 (non-polar) HP-1 100% dimethylpolysiloxane column. Helium was used as the carrier 202 gas (constant gas flow, 1 ml/min). The major peaks in the total ion current of all 203 
Factor analysis 246
The relative proportions of pyrolysis products were subjected to factor analysis 247 using Statistica Version 8 (Statsoft, Tulsa, USA). Factor analysis proved useful in the 248 interpretation of Py-GC/MS datasets, especially with respect to the sources and 249 degradation states to which the pyrolysis products correspond. Indeed, these compounds were identified in Eucalyptus globulus litter (a mixture of 314 leaves, cortex and branches) pyrolyzates (data not shown). Some of the polysubstituted 315 PAHs (C 3 -indene, C 2 -C 5:0 -and C 5:1 -naphthalene) provided the largest contributions to 316 the pyrograms of sample S1 (contrary to many unsubstituted or C 1 -alkylsubstituted 317
PAHs, largely from BC); this suggests that a significant portion of these compounds 318 originate from fresh Eucalyptus sp. litter. Overall, it should be noted that, in this study, 319
where distinguishing between BC and non-pyrogenic SOM components will appear to 320 be important, the interpretation of MAHs and PAHs relies more strongly on the growing 321 body of knowledge on BC's pyrolysis fingerprints (Kaal et carbonitriles and phenylpyridine). It also gave higher proportions of MAHs and BC-388 derived PAHs than the NO-1 sample. It is concluded that the SOM of sample NO-2 was 389 predominantly composed of degraded/microbial and pyrogenic material. 390
The pyrolyzate of sample NO-3 was dominated by carbohydrate markers, with 391 acetic acid, 3/2-furaldehyde, 5-methyl-2-furaldehyde, dianhydro-a-glucopyranose, a 392 furanone and 4-acetylfuran accounting for 62% of TQPA (Table 2 ). These pyrolysis 393 products are frequently ascribed to SOM with large proportions of microbial biomass 394 proportions of MAHs and PAHs suggest that BC accounts for only a minor portion of 396 the SOM in NO-3. This is supported by the low ratios of benzene/alkyl-benzenes and 397 PAH/alkyl-PAH (Table 2) . 398
In general, the differences in pyrolyzate compositions between NO-samples and 399 MN-samples were small, yet some are worth mentioning. For sample S1, oxidation with 400 The pyrolyzates obtained from the residues after dichromate oxidation were very 424 different from those of NO-and MN-samples. The CR-1 sample (27.5 mg g -1 of its OC 425 was oxidized by dichromate; Table 1) 
F2. 508
The factor scores of the samples can be used to identify the main differences 509 between the samples analyzed (Fig. 2) . As such, the samples with a large fraction of 510 fresh biomass (NO-1 and MN-1) plot in the SW quadrant. Sample CR-1 plots in the SE 511 quadrant, as dichromate oxidation eliminated most of the fresh SOM causing the 512 relative accumulation of aliphatic SOM and weakly charred material. Sample S2 is a 513 mixture of mainly degraded SOM and BC (with small contributions of fresh and 514 aliphatic material), which is why NO-2 plots in the NW region, dominated by 515 degraded/microbial markers, while MN-2 and CR-2 plot in the NE quadrant because of 516 relative enrichment of BC after chemical treatment. Sample S3 was also rich in 517 microbial SOM but has a lower content of chemically recalcitrant/hydrophobic aliphatic 518 SOM and BC, and higher proportion of degraded/microbial SOM; this explains why 519 NO-3 has a high F2 score while MN-3 and CR-3 plot in the NE quadrant reflecting BC 520 enrichment after the selective depletion of degraded/microbial SOM. The short distance 521 in factorial space between MN-3 and CR-3, and the large distance between these 522 samples and NO-3, suggests a that the abundant degraded/microbial biomass 523 (carbohydrates, chitin) in this sample is highly susceptible to permanganate and 524 dichromate treatment. 525 
Solid-state 13 C NMR spectroscopy: results and comparison with Py-GC/MS 536
Samples are compared by relative intensity of the chemical shift regions. The 537 spectrum of NO-1 (Fig. 3) was characterized by a dominant signal at 21 ppm and a 538 shoulder at 29 ppm (combined 29%, Table 3 ) from alkyl C, which can be ascribed to 539 aliphatic structures in fatty acids, lipids, waxes, cutan, suberan, cutin and suberin 540 The NMR spectra of NO-2 and NO-3 differ considerably from that of NO-1. In 553 NO-2, the O-alkyl C fraction has the highest values (26%), followed by alkyl C, 554
carboxyl/amide C and aromatic C. Considering that there is no clear signal in the O-555 substituted C region (from 140-160 ppm), this spectrum can be best explained with a The chemical oxidants had several effects on the NMR signal obtained from 560 sample S1. After the KMnO 4 treatment (MN-1) , and comparable to results from Py-GC-561 MS, a spectrum similar to that of NO-1 but with slightly higher relative intensities in the 562 alkyl C (34%) region was acquired, confirming other 13 C NMR studies (Tirol-Padre and 563
Ladha 2004) in that cellulose is largely resistant to permanganate oxidation. Dichromate 564 oxidation of sample S1 caused an increase of the relative contribution of aromatic C 565 (sum of aromatic C-H and aromatic C-O-R) (from 17% in NO-1 to 25% in CR-1) with a 566 concomitant depletion of methoxyl C/N-alkyl C and O-alkyl C (see Table 3 ). Note that 567 differences between NO-1 and CR-1 by NMR are smaller than observed by Py-GC/MS. 568
This indicates that, as Py-GC/MS data seem to be best supported, NMR results must be 569 taken carefully. 570
The spectrum of CR-2 showed the highest intensity in the chemical shift region of 571 aromatic C (45%). Considering the absence of methoxyl C signal, the width of the 572 signal band (from 90 to 140 ppm) and the composition of the pyrolysis fingerprint, this 573 aromatic signal originates from BC (see also Skjemstad et al. 1996 ; Knicker et al. NO-2 and NO-3) and the NaOH-extracts of potassium permanganate and dichromate 861 oxidized residues of S1 sample (MN-1 and CR-1) and the NaOH-extract of the 862 potassium dichromate oxidized residues of S2 sample (CR-2). 863 F o r R e v i e w O n l y *relative proportions within main group (n-alkanes/ enes, fatty acids, MAHs, PAHs, nitrogen compounds and polysaccharides). In bold the main groups.
F o r R e v i e w O n l y
+ the aliphatic compound with mass 83+280 (likely associated to fresh OM) was not added because is not indicative of the charring effect.
Total n-enes: total n-alkenes; n-enes >C 18 : long-chain n-alkenes (>C 18 ); n-enes C 18 -C 10 : short-chain n-alkenes (C 18 -C 10 ); total n-anes: total n-alkanes; n-anes >C 18 : long-chain n-alkanes (>C 18 ); n-anes C 18 -C 10 : short-chain n-alkanes (C 18 -C 10 ); other aliph: other aliphatic compounds (predominantly branched alkenes); phs: phenols; 
